NAD. FMN or FAD stimulate the reduction in the presence of haemin but not with pyocyanine. 3. Extracts from the parent organism, which does not require haemin for growth, or from the mutant grown with haemin, reduce nitrate in the absence of haemin or pyocyanine, though the latter stimulates.
NAD. FMN or FAD stimulate the reduction in the presence of haemin but not with pyocyanine.
3. Extracts from the parent organism, which does not require haemin for growth, or from the mutant grown with haemin, reduce nitrate in the absence of haemin or pyocyanine, though the latter stimulates.
4. Haemin-dependent nitrate reductase is inhibited by 2-n-heptyl-4-hydroxyquinoline N-oxide. The inhibitory effects of metal chelators cyanide and azide and the stimulation by iron suggest the participation of this metal in nitrate reduction.
5. Nitrate reductase is induced by growth in the presence of nitrate and is repressed by aeration. The repression occurs irrespective of the presence of haemin in the medium.
6. Fractionation of crude extracts of the mutant organism into soluble and particulate portions by centrifuging shows that nitrate reductase is present in both fractions. Both the soluble and particulate forms of the enzyme are revealed by assay with pyocyanine, but the haemin-dependent activity is located in the particles. In organisms grown without haemin there is more soluble enzyme than in organisms grown with this factor.
7. Particles from the mutant strain, grown without haemin, form a haemoprotein when incubated with haemin and cysteine; the reduced absorption maxima are similar to those of cytochrome b, and to those in particles from the parent organism.
8 The unique characteristic of the embryonic system is the development of a heterogeneous cell population from a homogeneous one. An approach towards an understanding of this process is to attempt to correlate biochemical and morphological changes occurring in the developing embryo. Certainly a biochemical parameter involved is the activity of individual enzymes. Not only does this include activity per cellular unit but also intracellular site of a particular enzyme activity. Bio-chemical differentiation might involve a redistribution of enzymes among cellular organelles as well as different amounts per cell. One group of chemical entities that is related to a particular morphogenetic event is the lipids. From present knowledge it is reasonable to assume that lipid formation is related to myelination, and this has been demonstrated (Bieber, Cheldelin & Newburgh, 1962) . In the synthesis of fatty acids the reductive step requires NADPH2, and it has been suggested that extramitochondrial isocitrate-NADP oxidoreductase serves to generate this coenzyme (Lowenstein, 1961) . Therefore it seemed reasonable to attempt to correlate the activity of this enzyme with lipid synthesis and myelination. This enzyme is of further interest since it has a role in both anabolic and catabolic reactions of the cell: for example, in lipid synthesis and in the tricarboxylic cycle. In addition, present information indicates that these two processes occur in different loci within the cell. Although isocitrate-NADP-oxidoreductase activity has been reported in the chick embryo a comprehensive study was lacking (Mahler, Wittenberger & Brand, 1958 Preparation of homogenates and cell fractions. Cell fractionation was carried out by the method of Carey & Greville (1959) , except that the homogenization medium consisted of 0 25M-sucrose containing EDTA (1 mM), pH 7-2, rather than 0 31 M-sucrose. Organs were dissected from embryos, placed immediately into ice-cold medium and homogenized in a glass Dounce homogenizel. The homogenates were centrifuged at 600g for 20 min. to remove nuclei and cell debris. The remaining suspension was then centrifuged at 12 000 g for 10 min. to obtain particulate and supernatant fractions. The particulate fraction was resuspended in 0 25m-sucrose containing EDTA (1 mM) and bovine serum albumin (0-1 %), pH 7-2, and recentrifuged. The washed particulate fraction was then resuspended in fresh medium.
Centrifuging was carried out in a Servall type RC-2 automatic superspeed refrigerated centrifuge with type SS-34 rotor.
Determinations of nitrogen in homogenates and in cell fractions. Total nitrogen was determined in the original preparations by the modified Kjeldahl method of Lang (1958) . The nitrogen values for the particulate fraction were obtained as the difference between the nitrogen contents of the resuspended particles and the nitrogen of the medium. This was necessary since the medium contained albumin.
Extraction and determination of nucleic acid in homogenates. A modified Schneider procedure was used for extraction. To a 1 ml. sample containing 10-80 jug. of RNA and 5-50,ug. of DNA was added 1 ml. of ice-cold 10% (w/v) trichloroacetic acid. After centrifuging, the supernatant was removed and the precipitate was washed with 2 ml. of 5% (w/v) trichloroacetic acid. The precipitate was then extracted twice at 700 for 20 min. with 0 5 ml. portions of N-perchloric acid. The orcinol method (Mejbaum, 1939 ) was used to determine RNA, and the diphenylamine method (Burton, 1956 ) was used to determine DNA, in samples of the perchloric acid extract.
Enzyme assay. The reaction mixture consisted of enzyme, MnCl2 (0-67 mM), DL-isocitrate (1-33 mM), NADP (0-050 mM) and tris, pH 7-8 (33 mM). The rate of reduction of NADP was followed at 250 in a recording spectrophotometer at 340 mi. One enzyme unit brings about the reduction of 1 ,umole of NADP/min.
RESULTS
Changes in the content of nitrogen and nucleic acid with age of embryo. The determinations of nitrogen and nucleic acid are summarized in Table 1 , and the ratios of these parameters at different ages in Table 2 . Approx. 80-85 % of the nitrogen reported in Table 1 can be recovered in a precipitate obtained by treatment of homogenates with trichloroacetic acid sufficient to make a final concentration of 5 % (w/v). The ratio of total nitrogen to DNA in the brain increases markedly during development. In this organ the ratio of supernatant nitrogen to DNA also increases, and at a rate approximately proportional to that observed for the ratio of total nitrogen to DNA. The ratio of particulate nitrogen to DNA, however, increases at a somewhat faster rate than that of total nitrogen to DNA between the eleventh day of incubation and the first day after hatching. The ratio of total nitrogen to DNA in the heart remains constant except for a temporary increase at about the eleventh day of incubation. The ratio of particulate nitrogen to DNA remains constant or increases slightly during the period of the experiments. The ratio of soluble nitrogen to DNA decreases after the eleventh day. This decrease is largely due to the increase in the fraction sedimenting at 600g. This additional material is probably heart muscle which would be mostly protein.
In the liver a similar pattern is observed; the ratio of total nitrogen to DNA remains relatively constant but the ratio of particulate nitrogen to DNA increases slightly. In the liver the ratio of supernatant nitrogen to DNA remains relatively constant.
In the brain the ratio of RNA to DNA remains constant, but in the heart there is a decrease between the fourth day of incubation and the first day after hatching. A similar but less dramatic decrease is observed in the liver. Stability and pH optimum of the enzyme activity in cell fractions. A rather broad pH optimum centred at pH 7-8 was found for both the particulate and the supernatant preparations. Most of the supernatant preparations and all of the particulate preparations were assayed after storage in a deepfreeze. The fresh particulate fraction showed no activity when assayed in media containing sucrose (0.25M). After freezing and thawing, particulate preparations showed maximum activity when assayed in hypo-osmotic media. Freezing and thawing had no effect on the activity of the supernatant fraction. The supernatant preparations retained full activity when stored in a deep-freeze°;
; O for over 2 weeks. The particulate preparations retained full activity for somewhat shorter periods of time.
Changes in enzyme activities during embryonic development. Fig. 1 shows enzyme activities based on the DNA content of an equivalent quantity of original homogenate. A general increase in activity was observed in the particulate fraction of the heart and the liver except for a peak on the fourteenth day of incubation. Low levels of supernatant activity in the heart and high levels of supernatant activity in the brain and the liver were observed. The enzyme activity in the supernatant fractions of both the brain and the liver increases rapidly during development and reaches a maximum during the last third of the embryonic period. A comparison of the results in Table 3 with Fig. 1 shows that similar changes are observed when enzyme activity is based on nitrogen from an equivalent quantity of original homogenate or on fresh weight of tissue. Differences in the magnitude of these changes are due to such factors as an increase in the ratio of total nitrogen to DNA in brain and a decrease in the water content of organs during development. The specific activities of the supernatant fractions also show the same patterns as activities based on homogenate DNA, homogenate nitrogen, or wet weight. The specific activities of the particulate fraction of the brain and the heart increase during development, but this increase is much smaller than that of activities based on other parameters. The pattern and magnitude of changes of the specific activity of the particulate fraction of the liver are very similar to those observed for activity based on homogenate DNA or homogenate nitrogen. DISCUSSION The increase in the ratio of nitrogen to DNA in the brain indicates an increase in average cell size with increasing time of incubation. The growth of the brain therefore is probably due to both growth and proliferation of cellular units. The constancy of the ratio of RNA to DNA during development is taken to indicate a relatively constant rate of protein synthesis per cell. During the development of the brain the rate of growth and the mitotic index decrease (Kallen, 1956a, b) . Because the mitotic index decreases and the cell size increases during this period, the rate of protein synthesis per cellular unit remains constant even though the rate of synthesis decreases when expressed per unit mass of tissue, per unit mass of protein, or per unit mass of nitrogen. The ratio of nitrogen to DNA in the heart and the liver indicates that cell size remains relatively constant in these organs and that growth is the result of cell proliferation. It has long been known that growth rate closely parallels the Bioch. 1963, 89 . 
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I mitotic index of the chick heart (Olivo & Slavich, 1930) . In both of these organs the rate of growth and the rate of cell proliferation are known to decrease during development (Bisceglie, 1931) , whereas cell size remains constant. The decrease in the ratio of RNA to DNA is therefore considered to reflect a decrease in the amount of protein synthesized per cell in a given time.
The function of isocitrate-NADP oxidoreductase in the supernatant may be to provide NADPH2 for use in fatty acid synthesis. The increase in this activity in brain can be correlated with the period during which myelination occurs. Work done in our Laboratory has provided evidence for a rise in the concentration of phosphatides of whole embryo at this time, and it is thought that this is also related to myelin formation (Bieber et al. 1962) . The increase in enzyme activity in liver can be correlated with the accumulation of fat in this tissue. Lipoid globules are known to appear in liver cells between the sixth and eighth day of incubation, and these increase in size and number during embryonic development (Kingsbury, Alexanderson & Kornstein, 1956 ). The quantity of fat, as % of wet weight of the liver, is known to increase with development after the seventh day of incubation (Dumm & Levy, 1949) . The low level of supernatant activity of the heart is thought to be due to a low level of reductive synthesis in this organ.
The increase of particulate isocitrate-NADPoxidoreductase activity can be correlated with the general rise in the activity of enzymes involved in oxidative metabolism which occurs during development. Increases in the activities of cytochrome coxygen oxidoreductase and succinate-cytochrome c oxidoreductase (Davidson, 1957) and malate-NAD oxidoreductase (Solomon, 1958) have been found during the development of these three organs. Malate-NAD oxidoreductase has been reported to exhibit peaks of activity in the developing heart and liver at about 14 days of incubation, similar to those now observed for isocitrate-NADP oxidoreductase. SUMMARY 1. Particulate isocitrate-NA2DP-oxidoreductase activity increases during development of the chick embryo. Supernatant activities in liver and brain ieach a maximum in the last third of development.
2. It is suggested that supernatant activity provides NADPH2 for reductive synthesis and that particulate activity is an index of oxidative metabolism.
3. Determinations of RNA, DNA and nitrogen indicate that brain cells grow and maintain a constant rate of protein synthesis during development, whereas heart and liver cells maintain a constant size and sustain a decreased rate of protein synthesis.
